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SMALL-STREAM FLOOD INVESTIGATIONS IN MINNESOIA,
October 1958 to September 1980

By K. T. Gunard and C. J. Smith

ABSTRACT

An investigation of flood flows from small drainage basins in Minnesota
is being made to aid in the design of bridges, culverts and other highway
drainage structures. Results of the investigation provide peak-flow data on
streams generally with drainage areas less than 200 square miles, placing par-
ticular emnphasis on those with drainage areas less than 10 square miles.
Basin parameters being investigated for their effect on floods are drainage
area, length of main stream, slope of main channel, basin altitude, forest
cover, and storage area. All of the 187 gaging stations included in the
report are equipped with crest-stage gages. In addition, 4 stations are
equipped to record stage continuwusly, and 8 stations are equipped to record
stage and precipitation continuwously. The relative magnitude of flood flows
for different hydrologic regions is shown in graphs that relate maximum dis-
charge to draimage area. Station records contain location, drainage area,
records available, type of gage, m-site structure elevations, bankfull stage,
and annual maximum stage and discharge data. These data, with annual peak
data from continuwous-record stations, form the basis for statewide flood-
frequency studies.

CONVERSION FACTORS

Multiply

inch-pound wnit By To obtain SI (metric) wnit
Length

feet (ft) 0. 3048 meters (m)

miles (mi) 1.609 kilometers (km)

feet per mile (ft/mi) 0.1894 meters per kilameter (m/km)
Area

square miles (miz) 2.590 square kilameters (km?)
Flow

cubic_feet per second 0.02832 cubigc meters per second

(£t3/s) (m3/s)




Definition of Terms

The terms referring to hydrologic data, as used in this report, are
defined as follows:

Area of lakes and swamps =~ Area expressed as percentage of the
drainage area covered by lakes, ponds, and  swamps, as shown on
topographic maps and determined by the grid method.

Bankfull stage - That gage height at which the stream begins to
flow overbank or recedes from the flood plain. It pertains to bank
elevations in the immediate vicinity of the gage.

Contributing drainage area - The net drainage area enclosed by a
topographic divide which contributes directly to surface runoff
above a specified point.

Drainage area - That area measured in a horizontal plane, enclosed
by a topographic divide, within which direct surface runoff from
precipitation normally flows by gravity into a stream, above a
specified point. This may include closed basins and other areas
which do not contribute directly to surface runoff.

Forest area - Area expressed as percentage of the drainage area
covered by forests, as shown on topographic maps and determined by
the grid method.

Main-channel length - The length of the watercourse, in miles, from
the gaging station to the basin divide, as measured on topographic
maps. The main channel is defined as the watercourse that drains
the greatest area.

Main-channel slope - The slope of the watercourse, in feet per mile,
determined as the average between points 10 and 85 percent of the
distance along the main channel from the gaging station to the
divide.

Mean basin altitude - The altitude, in feet, referenced to National
Geodetic Vertical Datum of 1929, camputed as the mean of altitudes
at the 10 and 85 percent points along the main stream channel.

National Geodetic Vertical Datum of 1929 - A geodetic datum derived
from a general adjustment of the first-order level nets of both the

United States and Canada, formerly called "Mean Sea Level."

Permanent station number - Distinctive numbers assigned on a nation-
al basis to each gaging station to provide a convenient method of
geographical location and identification. The numbers are assigned
on the basis of downstream order for each major river basin. The
identification number consists of two elements--(1) the part number
and (2) the station number. The first two digits designate the part
or major river basin in which the station is located. Part divisions
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pertinent to Minnesota are as follows: Part 4, St. Lawrence River
basin; Part 5, Hudson Bay and Upper Mississippi River basins; and
Part 6, Missouri River basin. The last six digits designate the
station's downstream position within the basin.

Site number - These numbers assigned to each station included in the
crest-stage network are used as a means of local identification for
those stations operated in the cooperative program with the
Minnesota Department of Transportation.

Water year - This is the 12-month period, October 1 through Septem-
ber 30, used in U.S. Geological Survey reports dealing with surface-
water supply. The water year is designated by the calendar year in
which it ends. Thus, the year ending September 30, 1980, is called
the 1980 water year.

INTRODUCT ION

Purpose and Scope

The first consideration in the hydraulic design of drainage structures is
the magnitude and frequency of the design flood or maximum peak flow the
structure is intended to discharge safely and economically. Studies of flood
frequency in Minnesota, based on analyses of available streamflow records,
have provided information generally applicable to streams with drainage areas
greater than 50 square miles. The results of these studies are contained in
U.S. Geological Survey Water-Supply Papers 1677, 1678, 1679, and 1680, titled
"Magnitude and frequency of floods in the United States." These reports are
applicable to areas divided according to major drainage basins as follows: St.
Lawrence River Basin (Part U4) in Water-Supply Paper 167T; Hudson Bay and Upper
Mississippi River Basins (Part 5) in Water-Supply Paper 1678; Missouri River
Basin above Sioux City, Iowa, (Part 6-A) in Water-Supply Paper 1679; and
Missouri River Basin below Sioux City, Iowa, (Part 6-B) in Water-Supply Paper
1680. However, few flood records have been available for small watersheds,
and the determination of reliable flood-frequency characteristics for these
small basins, particularly for use in the design of highway drainage
structures, has not been possible.

To fill this need, a small-stream flood-investigation program for
Minnesota was begun in August 1958. This program was designed to provide flood
data on streams generally with drainage areas less than 200 square miles,
placing particular emphasis on those with drainage areas less than 10 square
miles. Effort was oriented toward collecting hydrologic data that would form
the basis for defining flood-frequency characteristics and provide information
for detailed hydrologic studies.

In 1977, a comprehensive flood-frequency report was published utilizing
all data collected in this program through the 1975 water year. These data
were combined with annual peak data available from the entire stream-gaging
program since its beginning in the early 1900's. The resulting report, titled
"Techniques for estimating magnitude and frequency of floods in Minnesota",
was published as U.S. Geological Survey Water-Resources Investigations 77-31.
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Emphasis in the program has not changed, and collection of hydrologic
data continues in the same manner as in the past. Additional years of record
will improve flood-frequency estimates and may reduce standard errors of
estimate.

This report, which is the eighth of a series previously published bienni-
ally (see References), has been prepared to document the status of the program
and to make available the hydrologic data collected through the 1980 water
year. The most recent previous report covered data collected through the 1977
water year. A general description of the program, methods of operation, and a
presentation of the basic data are included in the report.

Also included in this report are peak data from selected stations funded
by other programs in recent years. Flood data have been collected at several
stations, some on much larger drainage basins for which this series of reports
affords a means of communicating the camplete record of annual floods. Occa-
sionally, continuous-record stations that need additional peak-flow data to be
hydrologically defined are terminated. Most of these stations have been con-
verted to high-flow partial-record sites and are included in this series of
reports. Data from each of these stations will be an important supplement to
future flood-frequency reports.

Cooperation

The small-stream flood investigations in Minnesota are financed under a
cooperative agreement between the Minnesota Department of Transportation and
the U.S. Geological Survey. The original cooperative agreement began in August
1958 and has been renewed annually since that time.

Data fram 33 additional high-flow partial-record sites, operated under
other cooperative programs, have been included in this report. Twenty-one of
these sites are financed under a cooperative agreement between the Minnesota
Department of Natural Resources and the U.S. Geological Survey. The remaining
12 sites are finmanced under an agreement with the U.S. Ammy Corps of
Engineers.

DESCRIPTION OF PROGRAM

The ideal basis for selecting design discharge is from frequency-
discharge relationships defined for each site under consideration. However,
installing gages on the vast number of sites in Minnesota is impractical, so
it becomes necessary to confine the investigation to a sampling process.
Flood data collected from a small number of sampling stations can be made
applicable to a region by anmalyzing the flood data and relating them to
measurable basin characteristics. In this way, regionalized flood-magnitude
and frequency data can be developed for the entire State.

The program is planned so as to obtain hydrologic data for small water-
sheds to supplement data obtained in other stream-gaging programs in larger
drainage areas. In general, streams with drainage areas less than 200 square
miles are of interest in this program. To provide hydrologic data for small
basins, gaging-station sites have been selected on watersheds ranging in size
from 0.05 to 200 square miles.



Initially for the Small Streams Program, gages were installed at selected
sites over a period of 8 years. Site selection and gage installation began in
August 1958 and was completed in October 1965. Progress in the installation of
gages has been as follows:

Calendar year Gage installations completed

1958 36
1959 46
1960 39
1961 14
1962 1
1963 14
1964 1
1965 8

Total 159

In 1978, 15 additional crest-stage gages were installed throughout the
State located in areas of sparsest areal coverage. Special emphasis was
placed on choosing sites with drainage areas between 15 and 200 square miles.

Data collection has been discontinued at 42 sites over the years because
of unstable control conditions or highway relocation. Present plans are to
reduce the network to 111 stations, and camplete a network analysis of the
entire Survey stream-gaging program in Minnesota. Results of this analysis
may indicate that same stations should be discontinued and others established.
The locations of gaging stations, for which data are tabulated in this report,
are shown in figure 1.

Hydrologic data obtained under this program, and other data reported
herein, consist primarily of the annual peak gage height and discharge at each
active gaging station during the water year. Each station is equipped with a
crest-stage gage, which records the peak stage. Discharge measurements are
made throughout the range in stage to establish a stage-discharge relation.

To supplement the record of instantaneous peak discharges, 11 stations
have been equipped with continuous stage-recording gages from which discharge
hydrographs can be derived to determine the total volume of runoff during
floods. Most stations equipped with continuous recorders are also equipped
with autamatic tipping-bucket rain gages to obtain simultaneous records of
water stage and precipitation. The recording equipment is not installed per-
manently, but will be operated at a site long enough to establish a basis for
a study of rainfall-runoff relationships. The period of operation at any one
site will vary in length, depending on the number of storms annually. In this
way, discharge hydrographs and rainfall records will be obtained at a maximum
number of locations with a minimum amount of equipment. The crest-stage gage
will remain as the permanent gage at each location.

In the past, approximately 25 manually read rain gages were used to sup-
plement the recording-gage network. These gages were located near the crest-
stage sites and were read by local volunteer observers. In the summer of 1980,
the rainfall-observer network was reorganized and expanded to provide improved
areal coverage and early warning of flooding. There are presently 68 paid
observers in this network.




The small-stream program also provides for the investigation of outstand-
ing floods in ungaged areas. These investigations are confined to present or
proposed highway crossings.

Many basin characteristics that may affect the magnitude of floods have
been investigated in this program. The basin characteristics selected for
evaluation are: :

1. drainage area 4, mean basin altitude
2. main-channel length 5. forest area
3. main-channel slope 6. area of lakes and swamps

Occasionally swamp and forest area may be common, resulting in the sum of
forest area and lake and swamp area being greater than 100 percent of the
total drainage area.

PROGRAM COPERATION
Selection of Gaging-Station Sites

Many factors enter into the selection of a gaging-station site, which, in
combination, greatly restrict the number of suitable sites. Because the pro-
gram involves a sampling process, it is necessary to select sites that repre-
sent various types of topographic and soil conditions, provide adequate areal
coverage, and include the desired range in drainage areas.

In addition to the physical properties listed above, consideration must
be given to the hydraulic conditions at the site. The definition of a stage-
discharge relationship requires reasonably stable control and channel condi-
tions so that scour and deposition of bed material are at a minimum. The site
must provide a suitable location for the crest-stage gage to protect it from
destruction by high velocities, debris, or ice. Because of the flashy nature
of runoff from many small watersheds, it is often necessary to rely on indi-
rect methods of measuring discharge rather than the conventional current-meter
measurement. Bridges or culverts, which form channel constrictions, are con-
venient control structures for indirect measurement of flood discharge. Where
such structures are not available, the site must have an adequate reach of
reasonably uniform channel where the discharge can be camputed by the slope-
area method. It is only after these and other technical factors have been
considered that final selection of a gaging site is made.

Instrumentation

As previously noted, the permanent gage at most stations is a simple
device called a "crest-stage gage." The gage used in Minnesota consists of a
2-inch pipe containing a graduated wooden rod and a small amount of granulated
cork. The pipe is closed at both ends except for a group of intake holes at
the bottom and a vent hole at the top. The gage pipe is mounted in a vertical
position by pinning it to a support pipe driven into the stream bed or by
attaching it to the wingwall of a bridge or culvert. The gage is set so that
the intake holes are above the stage of sustained low flows. As the water in
the stream rises during floods, it covers the intake holes and rises inside
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the gage pipe. The granulated cork floats on the water rising inside the
pipe; when the water recedes, a ring of cork is left on the wooden rod at the
same elevation as the peak stage. After the peak has passed, the peak stage
is determined by removing the graduated rod and reading the elevation of the
cork line.

Equipment at recording stations consists of a stilling well connected to
the stream by intake pipes, a shelter atop the stilling well, a continuous
graphic recorder, and an automatic tipping-bucket rain gage. Water from the
stream enters through intake pipes to the stilling well where a float acti-
vates a recorder pen, which graphically traces the fluctuating water surface.

The automatic rain gage consists of a receiver mounted on the roof of
the shelter, a tipping-bucket device, and a battery-powered counter with pen
attachment. Rain is collected in the receiver and transferred to the tipping-
bucket device, where it is measured in 0.1-inch increments. When 0.1 inch of
rain accumulates, the bucket tips, closing an electrical circuit, which
activates the counter and moves a second pen on the recorder chart.

Recording both precipitation and stream stage simultaneously on the same
chart is advantageous in that it eliminates errors in computing lag time be-
tween precipitation and runoff due to variations in time correction that could
occur if separate recording instruments were used. It also provides ease of
correlation by visual inspection.

Data Collection and Amalysis

Systematic inspections are made at each gaging station through most of
the year at approximately monthly intervals. Additiomal inspections are made
during the spring snowmelt and during periods of intense thundershowers.
Inspections are discontinued during winter when flood peaks normally do not
occur, unless it is known that runoff has been significant in the basin. At
each inspection, the elevation of the peak stage is determined and verified
whenever possible by camparison with high-water marks. In the event of out-
standing floods, which occasionally overtop the gage, gage heights are
obtained by making a transit-stadia survey of high-water marks in the vieinity
of the gage. A plot of the water-surface profile is made from the data.

As two or more peak flows may occur between inspections to a gaging sta-
tion, a higher peak may wash off the cork lines left by previously recorded
lower peaks. As a result, the peak stage for all floods at a particular site
will not be available. However, the highest annual peaks, which are the data
to be used in the magnitude and frequency analyses, will be recorded. In
addition, many lesser peaks will also be recorded.

At stations equipped with recording gages, all peaks during the year will
be available from the continuous strip charts. These recorders are serviced
and the charts removed at regular periods, usually monthly to bimonthly.

Current-meter measurements are obtained whenever flows are in the range
where definition of the stage-discharge relation is required. During floods,
however, it is frequently impossible to measure high discharges. Structures
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from which current-meter measurements were to have been made may be damaged or
not suitably located; stream velocities may be too high; knowledge of the
flood rise may not be available in sufficient time to permit reaching the site
at the time of the peak; flow of debris or ice may prevent use of a current
meter; or limitations on personnel may preclude direct measurements of dis-
charge at all stations within the flood area. Consequently, considerable
reliance must be placed on indirect measurements of peak discharge to estab-
lish the stage-discharge relation or rating curve, as it is frequently temed.

Indirect measurements are of four types, as listed below:

1. flow through culverts 2. flow through width contractions
3. slope-area 4, flow over dams and embankments.

Indirect measurements make use of the energy equation for camputing dis-
charge. The specific equations differ for different types of flow; however,
all the methods involve these general factors:

1. Physical characteristics of the channel, such as channel dimensions,
boundary conditions, and channel conformation

2. Water-surface elevations at time of peak stage to define the upper limit
of the cross-sectional areas and the difference in elevation between two
significant points

3. Hydraulic factors based on physical characteristics and water-surface
elevations, such as roughness coefficients and discharge coefficients.

Most indirect measurements of peak discharge made under this program are
of the "flow through culvert" type, although all the methods are utilized. In
each case, a transit-stadia survey is made to determine the high-water pro-
file, geametry of any structure involved, channel cross sections, and roadway
features, where applicable. Hydrologists making the survey evaluate roughness
coefficients and appraise possible backwater conditions at the site. From
these data and the appropriate equations for the type of indirect measurement
being made, the peak discharge can be camputed. A digital-camputer program
developed by the Geological Survey facilitates the computation of peak dis-
charges. This program includes the various types of culvert-flow camputations
necessary for determining the stage-discharge relation. Using this method,
theoretical ratings have been camputed for a considerable number of stations.

A complicating factor in determining peak discharge is backwater from ice
during runoff in early spring. For this reason, gaging stations are inspected
more frequently during spring snowmelt than at other times in order to measure
flow rates and assess ice conditions fram which backwater corrections can be
estimated.

Permanent bench marks are established at each gaging station for main-
taining a stable gage datum. Level loops are run annually to detect any
movement of the gage and to determine the datum correction applicable.



At the end of each water year, the peak stages are corrected to the base
datum and tabulated. Backwater conditions are evaluated and appropriate
corrections applied, where necessary, to determine the backwater-free, or
effective stage for each peak. A curve of relation between stage and discharge
is established when sufficient discharge measurements become available. The
highest effective stage for the water year is applied to this curve to deter-
mine the maximum discharge. The dates on which peak flows occur are determined
fram precipitation data collected in the drainage basins and by correlation
with time-oriented precipitation and stage-hydrographs from recorder-equipped
stations.

Flood Investigations at Miscellaneous Sites

To enhance the supply of peak-flow information, investigations are made
of outstanding small-area floods, even though they occur in basins outside the
crest-stage network. These investigations are made to provide peak stage and
discharge. Also, precipitation data may be collected from local sources in
the immediate area. Maximum discharges at miscellaneous sites are listed in
table 1.

PRESENTATION OF DATA
Maximm Floods

Peak-discharge data for small drainage areas in Minnesota have now been
collected at some locations for as long as 22 years, commencing in 1958.
During this time, several outstanding floods have occurred for which data are
available at gaging stations and at miscellaneous ungaged sites. These re-
corded peak flows provide a reasonable basis for estimating the maximum flood
flows to be expected in various parts of the State.

The State has been divided into eight hydrologic regions, as illustrated
in figure 1. These region boundaries are intended to enclose areas having
similar hydrologic characteristics. The region boundaries are considered pro-
visional and may require revision when additional flood data indicate another
camplete analysis needs to be made. Such revision would be consistent with
the objectives of the program--to define flood-frequency characteristics on a
regional basis.

The relative magnitude of flood flows from small drainage areas is indi-
cated by a camparison of maximum discharge to drainage area. These data for
each of the several hydrologic regions are shown in figures 2-9, wherein the
maximum discharge observed at each gaging station or miscellaneous site is
plotted against drainage area.

Each figure contains an enveloping curve of maximum discharges for drain-
age areas ranging in size fram 0.05 to 18 square miles. This curve has been
based on a composite plot of all maximum discharge data available for small
drainage areas in Minnesota and provides a means of camparing maximum dis-
charge values observed in a particular region with those observed throughout
the State.
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Station Manuscripts

Hydrologic and physiographic data pertinent to each gaging station are
presented in the section of this report titled "Gaging-station records". A
manuscript is included for each active gaging station. Data for several dis-
continued stations having a significant amount of record are also included.
The manuscript gives the permanent station number and name, site number,
location, drainage area, period of records available, type of gage, pertinent
elevations of on-site structures, bankfull stage where applicable, basin char-
acteristics where they have been determined, and a tabulation of the annual
maximum discharges and corresponding gage heights.

Same drainmage-area outlines were originally determined from maps of poor
quality or by photographic interpretation. As topographic maps became avail-
able for these areas, previously determined draimage areas have been revised.
The word "revised" appears in parenthesis after the drainage area value only
in the first report of the series following the revision.

When information is insufficient to determine the annual maximum dis-
charge, a footnote "discharge not determined", is used. This does not mean
that the discharge will never be known, but indicates that the determination
of peak flow has been delayed pending the accumulation of additional data.
Present imability to determine annual maximum discharge is usually due to a
lack of discharge measurements with which to define the stage-discharge rela-
tion. When more data became available, the appropriate discharges will be
camputed and published.

Annual peak gage heights are determined from an arbitrary local datum at
the on-site drainage structure. Information on recovery of this datum can be
obtained from the Minnesota District Office of the U.S. Geological Survey, 702
Post Office Building, St. Paul, Minn. 55101. The elevation of the gage refer-
enced to the National Geodetic Vertical Datum of 1929 is available at same
sites and is given in the "Gage" paragraph of the manuscript.

The omission of annual peak gage heights in the tabular listing is usual-
ly the result of low-water years, when the peak stage did nmot reach the bottom
of the gage. Under these circumstances, a footnote describing the condition
is entered in place of the peak-gage height, and a maximum discharge of less
than the value corresponding to the elevation of the gage zero is given. This
would represent an upper limiting value for the maximum discharge. Occasion-
ally, a malfunction of the gage occurred, resulting in the loss of the annual
peak gage height. A dash is inserted in the gage-height tabulation to indicate
such a loss and, if conditions permit, the annual maximum discharge is esti-
mated on the basis of a correlation with adjacent stations or by evaluation of
precipitation data and their relationship to other available peak data.
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STREAMS TRIBUTARY TO LAKE SUPERIOR
04011370 Little Devil Track River near Grand Marais, MN
(Site No. 132)
Location.--Lat 47OU47'09", long 90°19'44", in NEiNW% sec.9, T.61 N., R.1l E.,
Cook County, Hydrologic Unit 04010101, at culvert on County Highway 12, 1.6
miles above mouth, and 2.5 miles north of Grand Marais.

Records available.--October 1960 to present.

Gage.—Crest-stage gage upstream from culvert.
Culvert invert elevations.—-12.90 ft, upstream; 11.73 ft, downstream.

Bankfull stage.—15 ft.

Basin characteristics.—Main-channel length, 4.88 miles; main-channel slope,
51.4 £t per mile; mean basin altitude, 1,544 ft; forest area, 92 percent;
area of lakes and swamps, 10 percent.

Annual maximum data.—-

Water year Date Gage helght (ft) Discharge (ft3/s)
19%1 “Apr. 20, 1961 17.50 156
1962 May 23, 1962 16.25 4
1963 June 15, 1963 als.5u 19
1964 May 6, 1964 19.06 260
1965 May 21, 1965 17.35 137
1966 May 5, 1966 17.21 129
1967 Apr. 17, 1967 22.13 390
1968 Apr. 26, 1968 16.56 92
1969 Oct. 9, 1969 20.62 341
1970 Apr. 29, 1970 18.10 188
1971 Oct. 27, 1970 19.24 273
1972 May 2, 1972 17.39 138
1973 May 1, 1973 15.63 51
1974 May 11, 1974 18.96 250
1975 July 2, 1975 15.75 56
1976 Apr. 16, 1976 18.48 213
1977 Sept.24, 1977 22.33 388
1978 May 9, 1978 — g120
1979 May 10, 1979 17.05 162
1980 Sept. 4, 1980 16.87 115

a Backwater from debris.
g Estimated; gage height unknown.

28



STREAMS TRIBUTARY TO LAKE SUPERIOR
04011390 Little Devil Track River tributary near Grand Marais, MN
(Site No. 170)
Location.--Lat 47C47'17", long 90°19'20", in SE:SE% sec.4, T.61 N., R.1 E.,
Cook County, Hydrologic Unit 04010101, at culvert on County Highway 55, 0.2
mile above mouth, and 2.8 miles north of Grand Marais.

Drainage area.—0.47 mi2.

Records available.--October 1965 to present.

Gage.—Crest-stage gage upstream from culvert.
Culvert invert elevations.--8.49 ft, upstream; 6.69 ft, downstream.

Ba-nkfull Stage-—g fto

Basin characteristics.—Main-channel length, 1.15 miles; main-channel slope,
192 ft per mile; mean basin altitude, 1,543 ft; forest area, 83 percent;
area of lakes and swamps, 0 percent.

Annual maximum data.—

Water year Date Gage height (£t) Discharge (£t3/s)
"‘T§6§""‘ May. 5, 1966 510.88 5.3
1967 Apr. 17, 1967 16.41 40
1968 June 14, 1968 10.09 6.4

1969 Oct. 9, 1968 16.02 19
1970 Sept.21, 1970 16.02 19
1971 Oct. 27, 1970 - 16.31 28
1972 Oct. 27, 1971 14,42 15
1973 Sept. 1, 1973 10.02 6.1
1974 Apr. 22 197k b11.64 8.9
1975 Apr. 23, 1975 b 9.91 3.8
1976 Apr. 16, 1976 10.31 T.7
1977 Sept.24, 1977 16.75 T7
1978 May 9, 1978 11.28 11
1979 May 10, 1979 16.37 37
1980 Sept. 4, 1980 ¢15.81 14

b Backwater from ice.
¢ Affected by shifting control.



STREAMS TRIBUTARY TO LAKE SUPERIOR
04012500 Poplar River at Lutsen, MN
Location.—Lat 47938'23", long 90°42'31", in SWiNE# sec.33, T.60 N., R.3 W.,
Cook County, Hydrologic Unit 04010101, 350 ft upstream from bridge on U.S.
Highway 61 at Lutsen, and 0.3 mile upstream from mouth.

Drainage area.—112 mi2,

Records available.—May to November 1911, August 1912 to September 1917, July
1928 to September 1947, August 1952 to September 1961, October 1971 to
present. Continuous records available October 1912 to September 1917, July
1928 to September 1947, and August 1952 to September 1961.

Gage.—Water-stage recorder and concrete control. Datum of gage 1s 697.89 ft,
National Geodetic Vertical Datum of 1929. May 6 to November 1911, nonre-
cording gage at site 1,250 ft downstream, August 22, 1912 to September 30,
1917 at site 900 ft downstream at different datum, July 17, 1928 to March
30, 1937, at site 150 ft downstream at datum 6.90 £t lower.

Remarks.—Prior to 1915, some regulation by dams about 2.5 miles upstream.
Anmual maximm data.—

Water year Date Gage height (ft) Discharge (£t3/s)
1913 Apr. 25, 1913 3.08 162
1911 Aug. 11, 191 3.75 773
1915 June 13, 1915 2.95 412
1916 Apr. 25, 1916 4,70 1,390
1917 June 19, 1917 3.72 756
1930 May 9, 1930 8.0 850
1931 Nov. 21, 1930 7.55 760
1932 May 10, 1932 6.35 521
1934 May 7, 1934 8.32 914
1935 Apr. 30, 1935 8.02 854
1936 May 7, 1936 7.96 8i2
1937 My 1, 1937 10.02 1,250
1938 Apr. 29, 1938 5.25 908
1939 May 1, 1939 5.36 1,090
1940 Apr. 30, 1940 4.10 481
1941 Apr. 14, 1941 bh.9l 850
1942 May 15, 1942 4.84 835
1943 June 3, 1943 5.4 1,150
1944 June 5, 1944 5.31 1,060
1945 Mar. 28, 1945 .97 1,220
1946 — 3.79 505
1947 May 3, 1947 — el,200
1953 May 31, 1953 4.35 548
1954 May 1, 1954 6.23 1,880
1955 Apr. 21, 1955 4,49 564
1956 May 14, 1956 5.55 1,290
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STREAMS TRIBUTARY TO LAKE SUPERIOR
04012500 Poplar River at Lutsen, MN-~Continued
Anmmual maximm data.--Continued

Water year Date Gage height (ft) Discharge (£t3/s)
1957 Apr. 25, 1957 5.8 1,170
1958 June 5, 1958 3.84 238
1959 Aug. 26, 1959 .70 Th2
1960 Apr. 25, 1960 5.2U 1,050
1961 Apr. 21, 1961 5.56 1,300
1972 My 2, 1972 5.51 1,260
1973 May 26, 1973 5.17 1,000
1974 May 12, 1974 4,98 1,050
1975 May 3, 1975 4,69 640
1976 Apr. 19, 1976 6.21 1,860
1977 Sept.25, 1977 8.09 4,780
1978 May 9, 1978 5.40 1,220
1979 May 10, 1979 5.95 1,160
1980 hug. 30, 1980 clt. 82 648

b Backwater from ice.
¢ Affected by shifting control.
e Estimated.
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STREAMS TRIBUTARY TO LAKE SUPERIOR
04013100 Lake Superior tributary near Taconite Harbor, MN
(Site No. 161)
Location.—-Lat 47°29'14, long 90°59'19", in SWiSE: sec.20, T.58 N., R.5 W.,
Cook County, Hydrologic Unit 04010101, at culvert on U.S. Highway 61, 0.2
mile above mouth, and 3.7 miles southwest of Taconite Harbor.

Drainage area.—1.56 mi2.

Records available.--October 1963 to present.

Gage.—Crest-stage gage upstream from culvert.

Culvert invert elevations.--4.92 ft, upstream; (corrugated pipe); 4.08 ft,
downstream.

Bankfull stage.—10 ft.

Basin characteristics.—Main-channel length, 2.80 miles; main-channel slope,
226 ft per mile; mean basin altitude, 1,028 ft; forest area, 99 percent;
area of lakes and swamps, 8 percent.

Annual maximum data.—-—

Water year Date Gage height (ft) Discharge (££3/s)
195% May 23, 1964 11.63° 167
1965 Apr. 21, 1965 8.12 59
1966 Apr. 15, 1966 b7.69 33
1967 Apr. 17, 1967 10.37 125
1968 Apr. 25, 1968 T7.20 33
1969 Oct. 9, 1968 9.62 102
1970 Apr. 26, 1970 7.71 48
1971 Oct. 27, 1970 12.28 188
1972 Aug. 21, 1972 14.05 600
1973 June U4, 1973 7.12 32
1974 Oct. 6, 1973 10.47 129
1975 Apr. 28, 1975 7.94 54
1976 Apr. 7, 1976 T.48 42
1977 Sept.24, 1977 14.60 416
1978 July 7, 1978 7.49 41
1979 Apr. 21, 1979 8.65 74
1980 Sept. 4, 1980 10.07 110

b Backwater from ice.
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STREAMS TRIBUTARY TO LAKE SUPERIOR
04013200 Caribou River near Little Marais, MN
(Site No. 130)
Location.--Lat 47027'51", 91°01'50", in NWiSEX sec.36, T.58 N., R.6 W., Lake
County, Hydrologic Unit 04010101, at culvert on U.S. Highway 61, 0.2 mile
above mouth, and 5.2 miles northeast of Little Marais.

Drainage area.—22.7 mi 2.

Records available.--October 1960 to present.

Gage.—Crest-stage gage upstream from culvert.
Culvert invert elevations.—8.89 ft, upstream; 8.42 ft, downstream.

Bankfull stage.--15 f't.

Basin characteristics.--Main-channel length, 14.6 miles; main-channel slope,
52.6 £t per mile; mean basin altitude, 1,286 ft; forest area, 99 percent;
area of lakes and swamps, 7 percent.

Anmmual maximum data.——

Water year Date Gage height (ft) Discharge (£t3/s)
19%1 Apr. 20, 1961 15.97 1,130
1962 Apr. 27, 1962 11.28 190

May 23, 1962
1963 Apr. 7, 1963 bl3.23 307
1964 Apr. 28, 1964 16.74 1,340
1965 May 15, 1965 - 12.66 443
1966 Apr. 19, 1966 13.34 548
1967 Apr. 17, 1967 15.70 1,080
1968 June 9, 1968 12.14 378
1969 Oct. 9, 1968 13.64 608
1970 Apr. 27, 1970 13.12 500
1971 Oct. 27, 1970 16.63 1,320
1972 Aug. 16, 1972 16.38 1,230
1973 June 4, 1973 12.92 463
1974 May 11, 1974 13.88 655
1975 Apr. 23, 1975 12.69 422
1976 Apr. 16, 1976 12.67 u17
1977 Sept.24, 1977 27.00 4,430
1978 May 29, 1978 12.52 320
1979 May 10, 1979 13.70 610
1980 Sept. 4, 1980 12.61 410

b Backwater from lce.
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STREAMS TRIBUTARY TO LAKE SUPERIOR

"(Site No. 58)

04015150 Crow Creek near Silver Creek, MN

Location.—-Lat 47°08'30", long 91°34'38", in SW&SW: sec.23, T.54 N., R.10 W
Lake County, Hydrologic Unit 04010102, at culvert on County Highway 3, 2
miles northeast of Silver Creek, and 4.0 miles above mouth.

Dralnage area.--1.07 mi 2.

Records avallable.—October 1959 to September 1975.

Gage.--Crest-stage gage upstream from culvert.

Culvert invert elevations.--6.97 f't, upstream; 6.37 ft, downstream.

Bankfull stage.—8 ft.

3

Basin characteristics.—Main-channel length, 2.60 miles; main-channel slope,

108 ft per mile; mean basin altitude, 1,195 ft; forest area, 93 percent:
area of lakes and swamps, 19 percent.

Anmmual maximum data.—

Water year
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Apr.
Apr.
May

Apr.
May

Apr.
Aug.
June
Apr.
Apr.
Apr.
Apr.

Sept.

June
Oct.
Apr.

b Backwater from ice.
¢ Affected by shifting control.

Date

13, 1960

20, 1961
23, 1962
2, 1963
23, 1964
19, 1965
8, 1966
12, 1967
24, 1968
13, 1969
27, 1970
12, 1971
20, 1972
17, 1973
9, 1973
23, 1975

Gage height (ft)

34

9.56
11.08
80"'7
b9.20
9.30
b9.29
9.13
8.81
9.65
8.83
8.72
11.34
11.34
9.29
11.19
c9.00

Discharge (£t3/s)

49
121
21
19
!
23
37
29
51
32
30
196
196
43
154
34



STREAMS TRIBUTARY TO LAKE SUPERIOR

04015200 Encanmnnﬂqt River tributary at Silver Creek, MN

Location.--Lat 47°07'01",

long 91°36'04",

(Site No. 59)

11'1 NE&&% Se0033, TQS"' No, Rol
Lake County, Hydrologic Unit 04010102, at culvert on County Highway 3,
mile north of Silver Creek, and 1.4 miles above mouth.

Records avallable.--October 1959 to present.

Gage .—Crest-stage gage upstream from culvert.

0 W.
0.

Culvert invert elevations.—5.02 f't, upstream; 4.07 ft, downstream.

Bankfull stage.—8 ft.

3

Basin characteristics.—~Main-channel length, 1.70 miles; maln-channel slope,

183 ft per mlle; mean basin altitude, 1,142 ft; forest area, 97 percent;

area of lakes and swamps, O percent.

Annual maximum data.—-

Water year
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

Date

Apr. 13, 1960
Apr. 20, 1961

May
Apr.
Sept.
May

b Backwater from ice.
¢ Affected by shifting control.

23,

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1973
1975
1976
1977
1978
1979
1980

Gage height (ft)

Discharge (£t3/s)

35

8.65
9.17
6.81
6.55
7.50
7.01
T.T7
e7.78
11.49
7.73
7.21
b8.81
110"'9
7.90
11.03
b7.79
¢6.90
8.42
8.42
10.14
8.42

T2
85
26
20
u
29
u7
45
215
L6
31
)
225
48
149
i1
22
60
60
112
60



STREAMS TRIBUTARY TO LAKE SUPERIOR
04015250 Silver Creek tributary near Two Harbors, MN
(Site No. 169)
Location.--Lat 47°04'40", long 91°36'49", in SWiNE% sec.16, T.53 N., R.10 W.,
Lake County, Hydrologic Unit 04010102, at culvert on County Highway 3, 1.0
mile above mouth, and 4.5 miles northeast of Two Harbors.

Drainage area.—3.72 mi2,

Records available.--October 1964 to present.

Gage .—Water-stage recorder upstream from culvert.

Culvert invert elevations.——0.20 ft, upstream; -0.59 ft, downstream.

Bankfull stage.—3 ft.

Basin characteristics.—Main-channel length, 3.00 miles; malin-channel slope,
110 ft per mile; mean basin altitude, 962 ft; forest area, 91 percent; area
of lakes and swamps, 0 percent.

Remarks.—--Recording rain gage installed Mar. 16, 1966.
Anmmual maximum data.—

Water year Date Gage height (f£t) Discharge (£t3/s)
1965 Sept.30, 1965 .06 130
1966 Oct. 18, 1965 4,47 155
1967 June 12, 1967 4,66 168
1968 July 12, 1968 14.41 1,020
1969 Aug. 6, 1969 5.22 208
1970 May 9, 1970 5.16 203
1971 Oct. 27, 1970 5.21 206
1972 Sept.20, 1972 17.08 1,880
1973 June 17, 1973 T.06 us55
1974 Oct. 9, 1973 11.00 950
1975 Apr. 24, 1975 bl 74 200
1976 June 15, 1976 2,77 97
1977 Sept.2l, 1977 5.95 318
1978 July 18, 1978 6.85 130
1979 May 10, 1979 10.30 838
1980 Sept. U, 1980 7.86 540

b Backwater from lce.
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STREAMS TRIBUTARY TO LAKE SUPERIOR
04015300 Little Stewart River near Two Harbors, MN
(Site No. 57)
Location.—-Lat 47°903'52", long 91°40'03", in SEiNE# sec.24, T.53 N., R.11 W.,
Lake County, Hydrologic Unit 04010102, at culvert on county highway, 2.0
miles above mouth, and 2.7 miles north of Two Harbors.

Drainage area.—5.54 mi2.

Records avallable.--October 1959 to present.

Gage.—Crest-stage gage upstream from culvert.

Culvert invert elevations.--7.87 ft, upstream; 7.73 ft, downstream.

Bankfull stage.--10 f't.

Basin characteristics.—Main-channel length, 7.47 miles; main-channel slope,
53.8 ft per mile; mean basin altitude, 1,152 ft; forest area, 75 percent;
area of lakes and swamps, 3 percent.

Annual maximum data.--

Water year Date Gage height (ft) Discharge (££3/s)
1960 Apr. 13, 1960 10.380 140
1961 Apr. 20, 1961 11.76 200
1962 May 23, 1962 10.43 118
1963 Apr. T, 1963 b10.05 65
1964 Sept. 7, 1964 12.03 260
1965 Apr. 19, 1965 . 10.62 161
1966 Oct. 18, 1965 10.34 139
1967 June 12, 1967 10.78 171
1968 Apr. 24, 1968 11.80 243
1969 Apr. 13, 1969 10.85 176
1970 Apr. 8, 1970 10.98 185
1971 Apr. 11, 1971 bl2.72 207
1972 Sept.20, 1972 15.18 598
1973 Aug. 16, 1973 11.31 206
1974 Oct. 9, 1973 13.05 362
1975 Apr. 23, 1975 b13.33 245
1976 Mar. 31, 1976 b11.38 143
1977 Sept.24, 1977 13.24 377
1978 July 18, 1978 11.41 212
1979 May 10, 1979 14.34 500
1980 Sept. 4, 1980 10.10 (+)

+ Discharge not determined.
b Backwater from ice.
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STREAMS TRIBUTARY TO LAKE SUPERIOR
04015360 Lake Superior tributary No. 2 at French River, MN
(Site No. 160)
Location.--Lat 46°53'43", long 91°54'31", in SW&SE% sec.18, T.51 N., R.12 W.,
St. Louis County, Hydrologic Unit 04010102, at culvert on U.S. Highway 61,
0.35 mile above mouth, and 0.7 mile west of French River.

Drainage area.—1.41 mi2.

Records available.--October 1963 to present.

Gage.—Crest-stage gage upstream from culvert.
Culvert invert elevations.--14.52 ft, upstream; 0.71 ft, downstream.

Bankfull stage.——20 f't.

Basin characteristics.—Main-channel length, 2.81 miles; main-channel slope,
150 £t per mile; mean basin altitude, 902 ft; forest area, 95 percent; area<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>